ABSTRACT
INTRODUCTION
East Asia is a tectonic collage built by successive accretion of terranes from Paleozoic to Mesozoic times (Yin and Nie, 1996) , and one of the most important accretional events was the amalgamation of the North and South China blocks along the Qinling-Dabie orogen during the Triassic (Meng and Zhang, 1999) . Paleomagnetic studies show that the South China block (SCB) rotated ~70° clockwise in the Permian-Triassic when it was accreted to the North China block (NCB), causing the collision to progress from east to west (Zhao and Coe, 1987) . The diachronous collisional process was also discerned geologically by comparing geochronology of some major tectonic events along the strike of the Qinling-Dabie orogen (Yin and Nie, 1993) . Mid-late Mesozoic Qinling tectonics, however, are less studied in part due to the lack of Jurassic and Cretaceous strata. Growth of the Longmen Shan belt, now marking the eastern edge of the Tibetan plateau and running in SW to NE direction at high angle to the Qinling-Dabie orogen ( Fig. 1) , might also be related to the amalgamation of the North and South China blocks. Dirks et al. (1994) and Burchfi el et al. (1995) provided good reviews of the tectonic evolution of the Longmen Shan region and ascribed its Late Triassic development to eastdirected emplacement of the deforming Songpan-Ganzi (SG) allochthons. Chen et al. (1995) and Worley and Wilson (1996) elaborated on the geometry and kinematics of Triassic structures of the Longmen Shan belt and recognized signifi cant components of left-lateral slip on the Wenchuan-Maowen fault. The importance of the sinistral shearing was recently accentuated by Wang et al. (2001) , holding that it might have played a key role in accommodating distinct tectonic processes on a regional scale. Interpretation of mid-late Mesozoic structures of the Longmen Shan belt is hampered due to the lack of Jurassic-Cretaceous strata in both the Longmen Shan belt and the SG terrane. Recent studies, however, demonstrated that strong crustal deformation and metamorphism were still going on in these areas during the late Mesozoic (Huang et al., 2003; Wallis et al., 2003) . Other investigations, combined with the cooling history of the Longmen Shan belt, reveal that it experienced rapid uplifting since the Miocene (Arne et al., 1997; Xu and Kamp, 2000; Kirby et al., 2002) .
The Sichuan basin, located in the western portion of the SCB, became a distinct element in Late Triassic time and is bounded on all sides by fold-thrust belts such as the Micang Shan and Daba Shan belts on the north, the Longmen Shan belt on the west, the east Sichuan belt on the east, and the southwest Sichuan belt on the south (Fig. 1) . The Mesozoic stratigraphic framework of the basin has been well documented (CCMSPSB, 1982; BGMRSP, 1991; SBGMR, 1997) , laying a good foundation for deciphering the basin's depositional history. Mesozoic tectonic evolution of the Sichuan basin has been discussed in a quite general way (Wang et al., 1989; Deng, 1992; Liu, 1994; Li et al., 1995; Guo et al., 1996) and some detailed work was mainly concentrated on Late Triassic foreland-basin development of western Sichuan basin (Luo and Long, 1992; Chen et al., 1994; Yong et al. 2003) , or its bearing on the synchronous deformation of the Longmen Shan belt Liu et al., 1994) . Few efforts were devoted to unraveling detailed tectono-sedimentary evolution of the basin in Jurassic and Cretaceous times.
Upper Triassic strata are up to 4 km thick in proximal regions of the Sichuan basin and decrease in thickness systematically toward distal areas (Guo et al., 1996) , suggesting typical fl exural subsidence that can be readily ascribed to the tectonic load imposed by coeval basinward thrusting of the Longmen Shan belt (Yong et al., 2003) . The western Sichuan basin was considered to have continued developing as a typical foreland basin in the late Mesozoic Li et al., 1995; Guo et al., 1996) , but problems arose with the possible coupling between the basin subsidence and the basin-margin deformation, inasmuch as the Longmen Shan belt appeared to have not experienced strong thrust tectonics in Jurassic-Cretaceous times (Burchfi el et al., 1995) . Accumulation of more than 5-km-thick alluvial, fl uvio-deltaic, and lacustrine fi lls in the proximal zones of the northwest Sichuan basin during Middle Jurassic-Early Cretaceous times, however, attested to marked basin subsidence over this period of time.
We recently carried out a study of Mesozoic depositional environments and basin tectonosedimentary evolution of both the Sichuan basin and the SG terrane. Based on our new sedimentary data and well-documented regional Mesozoic stratigraphic framework, this paper conducts a detailed analysis of the spatial and temporal variations of sedimentation and depocenter migration and uses them as a proxy for the basin subsidence history. The paper further investigates the possible linkage between Mesozoic sedimentary evolution of the northwest Sichuan basin and coeval basin-margin tectonics.
REGIONAL SETTING
The Sichuan basin is bounded on all sides by fold-thrust belts ( Fig. 1 ) and characterized by thick accumulation (up to 9 km) of Mesozoic continental sedimentary deposits (Guo et al., 1996) . The surrounding structural belts developed in differing times and in quite contrasting ways, thereby exerting diverse infl uence upon the Sichuan basin evolution. The Qinling orogen on the north experienced a protracted tectonic history (Mattauer et al., 1985; Meng and Zhang, 2000; Zhang et al., 2001; Ratschbacher et al., 2003) and was regarded to have undergone a two-phase collision along two suture zones in the middle Paleozoic and Triassic times, respectively (Meng and Zhang, 1999) . The northern mid-Paleozoic suture can be traced along the Shangdan fault zone and continues to both the west and east, whereas the southern Triassic suture is well defi ned by the Mianlue and Anyimaqen ophiolites (Zhang et al., 1995; Bian et al., 2001) (Fig. 1) . The Triassic suture can be correlated with the West Kunlun and Muztagh ophiolitic zone further to the west (Molnar et al., 1987; , but its eastern continuation is a mat- 
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L o n g m e n S h a n b e l t ter of debate. It is plausible that the eastern segment of the Triassic suture was offset and placed along the Shangdan fault zone in that the East Qinling terrane south of the fault zone shares similar Paleozoic to Lower Triassic stratigraphic and sedimentary development of the SCB. Offset of the eastern and western segments of the Triassic suture will be discussed later in the paper. The syn-and post-collision convergence between the NCB and SCB resulted in development of the East Qinling south-vergent thrust system (Mattauer et al., 1985; Xu et al., 1992) and formation of the Micang Shan fold belt and the strongly curved Daba Shan fold-thrust belts (Figs. 1 and 2) (Zhang et al., 2001) . Exhumation of both the Hannan and Shenlongjia domes occurred simultaneously at the western and eastern tips of the southwestward bowed Daba Shan foldthrust belt (Wang et al., 2001 . All these tectonic processes exerted a profound impact on the Mesozoic tectono-sedimentary evolution of the Sichuan basin from the north. The Longmen Shan belt, lying between the SG terrane to the west and the Sichuan basin to the east (Fig. 1) , evolved into an intracontinental transpressional orogen in the Late Triassic (Burchfi el et al., 1995; Chen et al., 1995; Worley and Wilson, 1996) . The nature of the SG basement is unknown because it is concealed beneath Triassic thick turbidites. It was postulated that the SG terrane was fl oored with remnant oceanic crust (Yin and Nie, 1993; Zhou and Graham, 1996) , but exposures of some Paleozoic strata and abundant early Mesozoic granitoids in the terrane render the speculation unfeasible. Similarity of exposed Paleozoic to Lower Triassic strata in the SG terrane to their counterparts in the SCB in stratigraphy and sedimentology suggests that the former might be the western extension of the SCB. Middle-Upper Triassic siliciclastic turbidite was intensely folded and uplifted at the end of the Late Triassic (Burchfi el et al., 1995) , accompanied by synchronous eastdirected emplacement of the Longmen Shan thrust belt . Late Mesozoic deformation of the Longmen Shan belt has not been well investigated, but it must have continued in consideration of Middle Jurassic-Early Cretaceous pronounced subsidence of the western Sichuan basin (Liu, 1994; Burchfi el et al., 1995) . Rapid uplift characterizes the late Cenozoic Longmen Shan belt, but appears to have exerted little effect on the adjacent Si chuan basin (Kirby et al., 2002) .
East of the Sichuan basin is a relatively wide NE-trending fold-thrust belt (Fig. 1) . Its development was originally regarded as the result of collision and continued convergence between the Yangtze and Huanan blocks from Triassic to Cretaceous times (Hsü et al., 1990) , but this collisional event was questioned because there is no evidence indicative of separation of the Yangtze and Huanan blocks since the early Paleozoic (Rowley et al., 1989) . Consequently, the SCB, consisting of the Yangtze and Huanan blocks as defi ned by Hsü et al. (1990) , had been behaving as a single unit since the early Paleozoic. Accretion of an exotic Dongnanya terrane to the southeastern edge of the SCB might be responsible for the intracontinental deformations in the eastern Sichuan Basin in the late Mesozoic (Yan et al., 2003) . Southwest of the Sichuan basin exists another broad fold-thrust zone, which, however, is greatly modifi ed by a number of transcurrent faults as a result of late Cenozoic outward extrusion of the crust from the growing Tibetan Plateau interior (Burchfi el et al., 1995) .
STRATIGRAPHY
Mesozoic stratigraphy of the Sichuan basin and adjacent regions has been well documented in the Chinese literature (Xia, 1984; Yin et al., 1992; Li et al., 1994; SBGMR, 1997) , and Figure 3 shows their basic lithostratigraphy and spatial correlation. Lower Triassic strata conformably rest on the Upper Permian and consist of shallow-marine carbonate rocks with siliciclastic interlayers. Lower Triassic-Anisian sequences are correlative in the Sichuan basin, the Longmen Shan belt, the northeastern SG terrane, and the East Qinling (northern margin of the SCB), indicating that they shared similar depositional environments in that time period.
Triassic sequences are continuous in the northeastern SG terrane, but a dramatic facies change occurred toward the end of the Anisian, with shallow-marine carbonate rapidly passing Q in g c h u a n f a u lt 
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H a n n a n d o m e B ik o u t e r r a n e D a b a S h a n F T B upward into deep-marine siliciclastic turbidite, as represented by the Zhagashan, Zhuwo, and Runiange Formations (Fig. 3) . By comparison, the Anisian-Carnian sequences in the northwest Sichuan basin and the East Qinling are composed exclusively of shallow-marine facies. The Ladinian and Carnian saw a period of deformation and uplift of the East Qinling, as evidenced by the lack of post-Ladinian strata (Yin et al., 1992) and initiation of shortening around 237-227 Ma (Mattauer et al., 1985; Li et al., 1999 
SEDIMENTOLOGY
Lower-Middle Triassic
Description Shallow-marine carbonate and siliciclastics dominate Lower-Middle Triassic (Anisian) sequences in the northwest Sichuan basin (Table DR2) .
1 Carbonate rocks are mostly thick-bedded wackestone, packstone, skeletal limestone, and cross-bedded oolite. Siliciclastics are composed mainly of siltstone and shale, usually interlayered with carbonate. The Lower Triassic Feixianguan Formation consists of deeper-marine thin-bedded limestone and turbiditic sandstone in its lower portion in the northwestern margin of the basin (Fig. 4A ). There also occur Upper Permian-Lower Triassic deep-marine facies assemblages along the northernmost edges of both the northwest SCB and the SG terrane, consisting of thin-bedded chert, lime mudstone, carbonate turbidite, submarine debris-fl ow conglomerate, and slump intervals. These deep-marine sediments are in part involved into the Mianlue ophiolitic complex (Meng et al., 1996) . A measured sedimentary section is tabulated in Table DR2 (see footnote 1) to show the typical facies associations of Upper Permian-Middle Triassic strata.
Interpretation
Thick-bedded light-colored carbonate facies and their widespread spatial distribution indicate a carbonate shelf environment. Associations of wackestone, packstone, and skeletal limestone imply offshore sedimentation, and cross-bedded oolitic sediments are indicative of either shoals within offshore or shoreface sand waves (Read, 1985) . In practice, shelf carbonate had developed prior to the Early Triassic, since most of Permian sequences were made up of similar facies, indicating that Permian to Middle Triassic units were deposited in a similar shallow marine environment. Deeper-marine facies of the Lower Triassic Feixianguan Formation are interpreted as products of submarine deep valleys, probably the northern segment of the Longmen Shan rift during late Paleozoic to Early Triassic times (Luo and Long, 1992) . Deep-marine facies along the northern edge of the northwest SCB record continental slope sedimentation. Considering that there are no prominent shelfedge reef facies associations and no reefal fragments in submarine breccias, it is inferred that the continental margin was depositional rather than reef-rimmed bypassing in nature (Read, 1985) . Facies associations of siltstone and shale (hemipelagite), lime mudstone, and thin-bedded radiolarian chert suggest basinal sedimentation.
Upper Triassic (Xujiahe Formation)
Description
The Xujiahe Formation either passes up from marine sandstone of the Xiaotangzi Formation or unconformably overlies Middle Triassic limestone of the Leikoupo Formation (Fig. 3) . The Xujiahe Formation is widely distributed in the Sichuan basin, but shows marked lateral variations in both facies associations and thickness. Coarse-grained sediments, including alluvial conglomerate bodies, occur close to the Longmen Shan belt, but change into fi negrained lacustrine deposits toward the basin interior. The depocenter was apparently located in front of the middle segment of the Longmen Shan belt where the Xujiahe Formation is up to 4 km thick. Thickness steadily decreases to the east, displaying a typical wedge-shaped geometry on cross sections normal to the Longmen Shan belt (Fig. 5) .
The Xujiahe Formation can be divided into four members (Table DR3 [ Member 1, resting unconformably upon Middle Triassic Leikoupo Formation, consists mainly of fi ne-grained facies assemblages such as darkcolored, horizontally laminated mudstone, siltstone, and fi ne-and medium-grained sandstone, although its basal part is marked by massive and planar laminated coarse-and medium-grained sandstone. Mudstone contains brackish-and fresh-water fossils such as bivalves (Yunnanophorus, Myophoriopis), ostracods, and mollusks (SBGMR, 1997). Some sandstone and mudstone interlayers contain dewatering structures, pillowball structures, and soft-sediment deformation. In contrast, Member 2 is composed primarily of medium-and coarse-grained sandstone, which is mostly thick-and medium-bedded, erosively based, and planar and trough cross-stratifi ed (Fig. 4B ). Member 3 is made up of 3-15-m-thick fi ning-upward sub-sequences starting with crossstratifi ed sandstone and ending with thin-bedded fi ne-grained facies of varying thickness. Lateral accretion architectures are present, and coal beds are also common. Cross-stratifi ed and massive sandstone comprises much of Member 4 and is featured by vertical stacking of different bedforms. Polymictic conglomerate, 0.5-3 m thick, is dominated by carbonate gravels up to 85% in volume and displays crude cross-stratifi cation. Fine-grained facies are minor and are often cut or eroded by overlying sandstone and conglomeratic beds. Member 4 is unconformably overlapped in places by oligomictic conglomerate of the Lower Jurassic Baitianba Formation.
Interpretation
The Xujiahe Formation represents the onset of continental deposition of the Sichuan basin since the Norian. The lower part of Member 1 is interpreted as fl uvial deposits, and the overlying siltstone and mudstone, characterized by dark color, horizontal lamination, and abundant fresh-water fossils, are considered to have formed from suspension in a lacustrine environment. The massive sandstone sandwiched in the fi nes is possibly produced as a result of liquefaction, as implied by occurrence of internal dewatering and load structures. Cross-stratifi cation of thick-bedded sandstone and the minor proportion of fi ne-grained sediments suggest that Member 2 was deposited in a sandy braided river system. Accordingly, the succession from Members 1-2 is the consequence of progradation of fl uvial sediments into a lacustrine setting, recording the growth of a delta system. Siltstone and mudstone facies associations in Member 1 might represent prodelta deposits, and the massive sandstone resulted from subaquatic collapse of delta front. Member 2 thus is interpreted as subaerial delta plain. of meandering river systems, and the fi nes and coal measures construct the overbank elements. Vertical stacking of fi ning-upward cyclothems resulted from migration of channels and contemporaneous subsidence of basement. Member 4 is considered as the product of gravelly braided river systems, as manifested by vertical repetitions of cross-bedded conglomerate and coarse-grained sandstone, as well as numerous internal erosive surfaces and a minor proportion of fi nes. In general, the measured section displays a temporal evolution from deltaic through meandering to gravelly braided fl uvial systems in the northwesternmost part of the Sichuan basin, thus implying basinward shifting of basin-margin deposition. This depositional sequence is similar to the others in front of the Longmen Shan belt to the south.
Lower Jurassic (Baitianba/Ziliujing Formations)
Description
The Baitianba Formation is composed of oligomictic conglomerate and cross-bedded sandstone along the margin of the northwest Sichuan basin (Tables DR4-7) , whereas fi negrained clastic rocks and limestone dominate in the basin interior, called the Ziliujing Formation (Table DR8 [see footnote 1]). Though widely distributed throughout the basin, the Lower Jurassic unit is usually less than 400 m thick and displays little thickness variation. Oligomictic conglomerate occurs in a close association with coarse-grained sandstone and often shows low-angle cross-stratifi cation (Fig. 4C) . The conglomerate consists predominantly of well-rounded quartzite gravels and possesses typical clast-supported openwork (Fig. 4D) . Conglomeratic beds can also be massive, up to 5 m thick, but internal erosive surfaces, as indicated by thin sandstone lenses and discontinuous mudstone intercalations, suggest that they accumulated from several depositional events. Sandstone can be planar and trough cross-bedded, parallel stratifi ed, and/or massive. Fine-grained facies with horizontal and ripple cross-laminations develop mainly in middle and upper portions of the Baitianba Formation, locally interlayered with coal beds.
Interpretation
Openwork texture and cross-stratifi cations of the conglomerate indicate that it was formed through winnowing and bedform migration in fl uvial settings (Collinson and Thompson, 1988) . Well-rounded quartzite gravels imply that they are either recycled clasts or experienced a longdistance transportation. Interbedded with the conglomerate, coarse-grained sandstone with various-style stratifi cations is interpreted as fl uvial channel deposits. Inasmuch as fi ne-grained facies contain coal beds, they are considered to be the products of overbank or swamp environments. In general, the Baitianba Formation is considered to have developed in two depositional environments. The conglomeratic facies at the basin margin formed in gravelly braided fl uvial systems, whereas the fi ne-grained facies and associated cross-stratifi ed sandstone were deposited in low-sinuosity fl uvial systems. The Ziliujing Formation, composed of fi ne-grained siliciclastics and limestone in the basin interior, formed in a lacustrine environment, as also evidenced by abundant freshwater bivalves such as Pseudocardinia convesa, Unionelloides globitriangularis, and Unionelloides ningxiaensis (SBGMR, 1997) . 
Middle and Upper Jurassic (Oxfordian)
Description
The Qianfoyan and Shaximiao Formations comprise Middle Jurassic sequences, whereas the Suining Formation makes up the lower portion of the Upper Jurassic (Oxfordian). The Qianfoyan Formation consists of the mediumand coarse-grained sandstone in its lower part, which is trough and planar cross-bedded, planar-stratifi ed, or massive, with cosets up to 5 m (Fig. 4E) . Some conglomeratic beds occur at the base. The upper part consists of fi negrained sandstone and interbedded greenish horizontally laminated siltstone and mudstone. The Shaximiao Formation makes up the majority of the Middle Jurassic succession and is up to ~1750 m thick. It starts with some 70 m of coarse-grained sandstone characterized by large-scale planar and trough cross-stratifi cation, but the bulk of the formation is composed mainly of fi ne-grained sandstone, siltstone, and mudstone (Fig. 4F) . Conformably overlying the Shaximiao Formation is the Suining Formation, which contains more coarse-and mediumgrained sandstone and conglomerate lenses of varying thickness. Sandstone is mostly reddish, cross-stratifi ed arkose and arkosic quartz arenite and has erosive basal contacts. Interbedded siltstone and mudstone are red in color, and desiccation cracks appear on some mudstone surfaces. Table DR9 (see footnote 1) provides a general sedimentary sequence of the three formations.
Interpretation
Occurrence of thick-bedded coarse-grained sandstone at the lower part of the Qianfoyan Formation manifests a change from the upper fi ne-grained facies of the Baitianba Formation. The sandstone and associated conglomerate are interpreted as braided river deposits, as suggested by the predominance of coarse-grained facies associations. The upper portion of the Qianfoyan Formation, however, is thought of as the product of lacustrine sedimentation, in that it is not only dominated by fi ne-grained facies but also contains abundant freshwater bivalves such as Lamprotula cremeri, Cuneopsis johannisboehmi, and Fergannoconcha sp. The transition from braided river to lacustrine systems implies temporal expansion of the basin. The Shaximiao Formation, sitting conformably on the Qianfoyan Formation, is lacustrine in nature on the whole since it is composed of similar rippled siltstone and horizontally laminated mudstone and contains abundant freshwater fossils, like ostracods (Euestheria yanjiawanenesis, E. complanata) and bivalves (Fergannoconcha cf. minor, F. cf. sibirica). Thick intervals of both cross-bedded and amalgamated coarse-grained sandstone within the succession are attributed to sporadic basinward propagation of basin-margin deltaic depositional systems. The Suining Formation is interpreted as fl uvial deposits, with the arkose and arkosic quartz arenites being the channel fi lls and the siltstone and mudstone the overbank deposits. Presence of mudcracks attests to the subaerial sedimentary setting.
Upper Jurassic and Lower Cretaceous
Description
Both the Lianhuakou Formation (Upper Jurassic) and the Chengqiangyan Group (Lower Cretaceous) start with thick conglomeratic beds, with the latter dividable into the Jianmenguan, Hanyangpu, and Jiange Formations in ascending order (Fig. 3 , Table DR10 [see footnote 1]). The Lianhuakou Formation is ~1850 m thick in the measured section and, as a whole, consists of conglomerate and coarse-grained sandstone (Fig. 6A ) in the lower portion and associations of sandstone, mudstone, and siltstone in the upper. Conglomerate beds are oligomictic and dominated by well-rounded quartzite gravels. Matrixsupported conglomerate beds are massive, up to 6 m thick, and closely associated with coarse-and medium-grained sandstone. Gravelly sandstone and sandy conglomerate facies are very common and often display vertical alternation of planar-bedded conglomeratic and sandy layers. Cross-stratifi ed sandstone of varying thickness can develop atop the massive conglomerate beds or is sandwiched as various-scale lenses within the conglomerate. Fine-grained sediments become pronounced upward in the section, and together with cross-stratifi ed sandstone, they make up 3-10-m-thick fi ning-upward sub-sequences. The Jianmenguan Formation exhibits facies associations and sequences similar to those of the Lianhuakou Formation, with its lower portion dominated by massive oligomictic conglomerate (Fig. 6B ) and the upper consisting of cross-and parallel-stratifi ed sandstone, rippled and horizontally laminated siltstone, and some intervals of conglomeratic beds. Sand dikes and synsedimentary deformations such as pillow-ball structures and distorted bedding are not uncommon within some intervals of interbedded sandstone and mudstone beds. Both the Hanyangpu and Jiange Formations also begin with conglomerate and consist primarily of medium-and coarse-grained sandstone and interlayered siltstone and mudstone in the measured section. Some sandstone beds develop within the fi nes, manifesting themselves as lenses of varying thickness (Fig. 6C) .
Interpretation
Matrix-supported conglomerate and sandy mudstone of the Lianhuakou and Jianmenguan Formations are interpreted as debris-fl ow deposits, as indicated by their massive structure and non-erosive basal contact, whereas development of cross-stratifi ed sandstone layers atop these massive conglomerate is attributed to subsequent stream fl ow after debris-fl ow deposition. The planar-bedded couple facies consisting of gravelly and sandy layers are considered as the products of sheetfl ooding that can give rise to alternating deposition of coarser and fi ner sediments due to variation of hydraulic conditions on slope surface (Blair and McPherson, 1994) . Clast-supported conglomerate, along with interbedded cross-stratifi ed coarse sandstone, is ascribed to fl uvial deposition. Sandstone lenses within conglomeritic beds arose from erosion of previously formed sand beds by subsequent fl ows that led to deposition of overlying conglomerate beds. Thus, the lower parts of both the Lianhuakou and Jianmenguan Formations formed in alluvial systems characterized by debris-fl ow and sheetfl ood deposition, whereas the upper portions of the two formations resulted from fl uvial sedimentation, with the cross-and parallel-stratifi ed sandstone representing the channel fi lls and the fi nes the fl oodplain sediments. The Hanyangpu and Jiange Formations are considered to have formed in either braided or meandering fl uvial systems. It is noticeable that Upper Jurassic-Lower Cretaceous strata are particularly characterized by occurrence of oligomictic conglomerate composed dominantly of quartzite clasts, which is believed to have sourced from the Lower Devonian Pingyipu Formation that consists exclusively of quartzite up to 1500 m thick within the Longmen Shan belt (Luo and Long, 1992) .
BASIN EVOLUTION Passive Continental Margin (Early Triassic-Carnian)
The East Qinling and the northern SG terrane together comprise the northern margin of the SCB and behaved as a passive continental margin of a Paleo-Tethyan Qinling ocean from the late Paleozoic to Middle Triassic. Development of widespread Early Triassic to Carnian platform carbonate is consistent with such a tectono-sedimentary setting. Some Lower Triassic deeper-marine facies, like the Feixianguan Formation exposed along the northern segment of the Longmen Shan belt, are interpreted as deposits of a roughly north-oriented submarine rift valley (Luo and Long, 1992) . Considering that it strikes at a high angle to the Triassic suture on the north (Fig. 1) , the rift might be an aulacogen in origin, genetically related to the opening of the Paleo-Tethyan Qinling ocean.
Peripheral Foreland Basin (LadinianCarnian)
Collision of the North and South China blocks took place around the Ladinian (late Middle Triassic), and the resulting south-vergent thrust deformation in the East Qinling is constrained by 40 Ar/ 39 Ar plateau ages of 236 ± 5 Ma and 217 ± 8 Ma of phengites and riebeckites (Mattauer et al., 1985) . Muscovites from schists of the Mianlue suture zone also yield similar 40 Ar/ 39 Ar plateau ages of 227 ± 1 Ma and 220 ± 1.4 Ma (Li et al., 1999) . These deformational events were accompanied by coeval metamorphism of volcanics within the Mianlue suture zone, which are dated at 221 ± 13 Ma by Sm-Nd wholerock method (Li et al., 1996) , and intrusions of collision-type granitoids ranging from 220 to 206 Ma in age north of the suture (Sun et al., 2000) .
It is likely that a peripheral foreland basin developed south of the Late Triassic suture in response to the collision. The sedimentary records of this peripheral foreland basin, however, are missing in the north of the SCB, but plausibly preserved in the northern SG terrane, characterized by siliciclastic turbidite at least 5 km thick (Zhang, 1996) . The Middle Triassic sequence in the northeast SG terrane displays a rapid change from Anisian platform carbonate (Guojiashan Formation) to Ladinian deep-marine turbidite (Zhagashan Formation) (Table DR11 [ Phycosiphon, Arthrophycus, and Megagrapton (F. Yang et al., 1996) . The rapid vertical transition from shallow-to deep-marine facies associations indicates the drowning of the Anisian carbonate platform and can be reasonably attributed to fl exural subsidence of the northern SG terrane. The eastern portion of the peripheral foreland basin might be eroded away as the East Qinling thrust system was developed and uplifted.
Transpressional Foreland Basin (NorianRhaetian)
The SG terrane experienced strong roughly NE-SW shortening during the Norian and Rhaetian, typifi ed by NW-trending recumbent and upright tight folds (Fig. 6F) , and the peripheral foreland basin came to an end. However, the Longmen Shan thrust belt arose from the combination of left-lateral transpressional tectonics (Worley and Wilson, 1996) and eastward emplacement of the deforming SG terrane (Burchfi el et al., 1995) . Coeval with the east-directed thrusting of the Longmen Shan belt, the western Sichuan basin began subsiding fl exurally in response to the thrust-imposed tectonic loads Yong et al., 2003) . Nonmarine sediments (the Xujiahe Formation) characterized the basin fi lls, exhibiting typical wedge-shaped cross-sectional geometry and thickening toward the proximal zone (Fig. 7A) . The basin is dominated overall by meandering river and lacustrine deposits, although alluvial and braided-river sedimentation occurred in the proximal zone. Sediments were predominantly shed from the Longmen Shan belt, as deduced from restoration of paleocurrents (Cui et al., 1991; Luo and Long, 1992; Li et al., 1995) . Considering that the Late Triassic Longmen Shan was dominated by sinistral transpression deformation (Worley and Wilson, 1996) and the basement subsidence was fl exural in nature (Yong et al., 2003) , the western Sichuan basin can be classifi ed as a transpressional foreland basin (Ingersoll, 1988) . It is, however, unclear how far the transpressional foreland basin extended toward the northeast, in that the Xujiahe Formation was involved in the Micang Shan and Daba Shan fold-thrust belts and might have suffered from severe erosion there.
Tectonic Quiescence (Early Jurassic)
In striking contrast with the Upper Triassic Xujiahe Formation, the Lower Jurassic Baitianba and Ziliujing Formations exhibit relatively uniform thickness (250-400 m) throughout the basin (Fig. 7B) . Gravelly stream systems prevailed in the proximal zone in association with minor debris-fl ow deposits. Presence of some conglomeratic layers in the basin interior indicates that gravels must have been transported a long distance. This inference is supported by the well-rounded and well-sorted nature of quartzite gravels and a marked decrease in grain size in the basin center. Widespread distribution of conglomeratic beds and the relatively uniform thickness of the Lower Jurassic unit imply that it was deposited in a post-orogenic period or in the time interval of tectonic quiescence. Lower Jurassic rocks overlie Triassic thrust faults on the basin margin, putting a narrow time constraint on the termination of Late Triassic deformation of the Longmen Shan belt. In addition, the Lower Jurassic depositional package manifests itself to be lenslike geometry on the cross section perpendicular to the Longmen Shan belt (SBPG, 1996) and clearly exhibits transgressive overlap toward the basin margin. These facts suggest that the basin margin became inactive and gradually retreated owing to continued erosion. Quartzite gravels of the Baitianba Formation were demonstrated to have been sourced from Lower Devonian quartz arenites (the Pingyipu Formation) within the Longmen Shan belt (Luo and Long, 1992) , in contrast with carbonate gravels predominant in Upper Triassic Xujiahe Formation, which can be correlated in lithology with Permo-Carboniferous strata. Therefore, the predominance of Lower Devonian quartzite gravels in the Baitianba Formation is indicative of erosional unroofi ng of the Longmen Shan belt.
"Cornered" Foreland Basin (Middle Jurassic-Early Cretaceous)
Late Mesozoic deformation of the basin margin has not been well studied, but basin-margin tectonic activity can be deduced from subsidence patterns of the northwest Sichuan basin (Figs. 7C and 7D) . Deposition of the Qianfoyan Formation indicates resumption of basin subsidence following Early Jurassic tectonic quiescence, and thick accumulation of the Shaximiao and Suining Formations further registered the main episode of the subsidence. The Late Jurassic and Early Cretaceous saw a period of deposition of a number of small alluvial fans at basin edge and fl uvial-lacustrine sedimentation in the basin interior (Deng, 1992) , but the basin area was considerably reduced during this time interval, with its depocenter apparently shifting to the north (Fig. 7D) . Paleocurrent studies show that sediments were dispersed from the northwest, the north, and the northeast (Cui et al., 1991; Luo and Long, 1992; Li et al., 1995) , indicating that both the Longmen Shan and the Qinling belts were the main source areas of the basin during late Mesozoic times. Alluvial fans at the basin edge presumably migrated laterally with time, as suggested by the facies sequence that displays vertical alternations of alluvial-fan coarse-grained facies with fl uvial sediments deposited in an interfan setting. Coeval existence of proximal thick alluvial-fan conglomeratic facies and thinner fl uvial and lacustrine facies in the basin interior is indicative of sedimentation during active fl exural subsidence of a foreland basin (Heller et al., 1988; Jordan, 1995) .
Subsidence and depocenter shifting of the northwest Sichuan basin can be reasonably attributed to tectonic load imposed by the basinward advance of border thrusts such as the Micang Shan and Daba Shan fold-thrust belts, which became particularly outstanding in Early Cretaceous time. Simultaneous with the southdirected thrusting on the north, the Longmen Shan belt also underwent active deformation.
Late Mesozoic crustal deformation and metamorphism have been recently demonstrated in the Longmen Shan regions (Huang et al., 2003; Wallis et al., 2003) , and in particular, rejuvenation of the Wenchuan-Maowen transpressional faulting is registered by 40 Ar/ 39 Ar dating of muscovite at 120-130 Ma (Arne et al., 1997) . Our fi eld observations prove the existence of oblique left-lateral slip on a steep reverse fault, the Anxian fault, which emplaced Permian carbonate rocks over Middle-Upper Jurassic strata. In addition, seismic sections at basinmargin areas convincingly show reactivation of Late Triassic thrust faults in the late Mesozoic because they exerted a striking infl uence on the Middle Jurassic to Lower Cretaceous sedimentation (Liu, 1994) . Early Cretaceous sinistral transpressional faulting of the Longmen Shan belt might be also responsible for the inferred lateral migration of the alluvial-fan systems in proximal areas of the basin.
It is claimed that the south-directed advance of the Micang Shan fold-thrust belt on the north, in conjunction with sinistral transpression of the Longmen Shan belt on the west and dextral transpression of the Daba Shan belt on the east, must have controlled fl exural subsidence of the northwest Sichuan basin from Middle Jurassic to Early Cretaceous times. Given that its depocenter was located in the northwest corner of the Sichuan basin and confi ned by the above three structural belts on the north, west, and east, the basin is thus termed as a "cornered" foreland basin at this stage.
IMPLICATIONS FOR MESOZOIC SCB ROTATION
Direct evidence for the SCB clockwise rotation relative to the NCB comes from the paleomagnetic studies that have put constraints on the collision between the North and South China blocks. It was clearly documented that the SCB rotated ~70° clockwise relative to the NCB from Late Permian to Triassic times (Zhao and Coe, 1987) , and the rotation might have continued until the Middle Jurassic (Enkin et al., 1992; Gilder and Courtillot, 1997; Yang and Besse, 2001) . Considering that the Late Jurassic and Early Cretaceous poles of the North and South China blocks became indistinguishable, the two blocks were assumed to have behaved as a single entity since then (Enkin et al., 1992; Gilder and Courtillot, 1997) . These results seem to throw doubt upon our geologic inference that the SCB clockwise rotation relative to the NCB continued into the late Mesozoic. Given that late Mesozoic contractional and transpressional deformation was evident in the Qinling orogen, we argue that the intracontinental convergence between the NCB and SCB might not have been resolved by the previous paleomagnetic studies, or the shortening was within the range of their paleomagnetic error bars. Yokoyama et al. (2001) recently recognized a disparity of Late Jurassic poles between the North and South China blocks and thus suggested continuity of convergence between the two blocks in the late Mesozoic by clockwise rotation (6.8º ± 9.8º) and northward displacement (9.8º ± 7.4º) of the SCB, lending support to our deduction of persistent late Mesozoic SCB clockwise rotation. Age assignment for the inferred rotation should be acceptable in that the samples used for paleomagnetic study were collected from fossiliferous lacustrine grayish sandstone and purplish mudstone of the Penglaizhen Formation in the middle of the Sichuan basin, which is an equivalent of the Lianhuakou Formation at the basin margin (Fig. 3) . A Late Jurassic age of the Penglaizhen Formation is determined on the basis of the fossil assemblages it contains, such as ostracods (Darwinula oblonga, Darwinula leguminella, Damonella ovata), estheria, and bivalves, which are all the common species encountered in other well-documented Upper Jurassic strata (Wang, 1985) .
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Triassic clockwise rotation of the SCB was also discerned as a result of recognition of diachronous collision of the North and South China blocks (Yin and Nie, 1993) , as exemplifi ed by Early Triassic ultrahigh pressure metamorphism recorded in the Tongbai-Dabie terrane in the east (Hacker et al., 1998) and late Middle Triassic development of the northern SG foreland basin to the west (Zhang, 1996) . Late Triassic sinistral transpression within the Longmen Shan belt (Worley and Wilson, 1996) was also attributed to clockwise rotation of the SCB, which accommodated the relative motion between the SCB and the SG terrane (Wang et al., 2001) . In contrast, little attention has been paid to the inferred late Mesozoic SCB rotation and its implications.
Our sedimentary study of the late Mesozoic northwest Sichuan basin, however, suggests that the SCB clockwise rotation might have been resumed after Early Jurassic tectonic quiescence. Middle Jurassic marked subsidence in basin-proximal regions implied reactivation of border thrust systems, which might have been triggered by the renewed SCB clockwise rotation. Northward migration of the basin depocenter and development of a "cornered" foreland basin indicates that basin-border thrusting became more and more pronounced over Late Jurassic-Early Cretaceous times. Strain localization at the northwestern edge of the basin is interpreted as a corollary of oblique penetration of the SCB into the Qinling due to the SCB clockwise rotation (Fig. 2) .
It is worth noting that, although depocenters progressively shifted to the northwest since the Middle Jurassic, a narrow subsiding zone also simultaneously developed in front of the Longmen Shan belt ( Fig. 7C and 7D ), which differed strikingly from Late Triassic subsidence of the western Sichuan foreland basin in both geometry and scale (Fig. 7A) . Narrowness of the subsiding zone implies that tectonic loading of the Longmen Shan belt was not so effective as to drive typical fl exural subsidence. We suggest that development of the narrow subsiding zone is an indication that the basin-border tectonics of the Longmen Shan in the late Mesozoic were dominated by transpressional faulting rather than orthogonal thrusting. This inference is consistent with the observation that JurassicCretaceous crustal shortening was insignifi cant within the Longmen Shan belt (Burchfi el et al., 1995) , contrasting with intense thrust deformation at the northwestern edge of the basin. The spatial variation of deformational styles is in good accordance with the strain fi eld that would be induced by the proposed SCB clockwise rotation at the basin edge. Figure 8 presents a tectono-sedimentary scenario of the northwest Sichuan basin in the Mesozoic and coeval development of adjacent structural belts. Several distinct stages can be established: passive continental margin, peripheral foreland basin, transpressional foreland basin, tectonic quiescence, and "cornered" foreland basin. Appeal is made here to the clockwise rotation of the SCB to account for a series of Mesozoic tectonic processes, such as oblique amalgamation of the North and South China blocks, sinistral transpression of the Longmen Shan belt, depocenter migration of the northwest Sichuan basin, and kinematics of basin-margin fold-thrust belts. The rotational northward penetration of the SCB might also have exercised a profound impact on the late Mesozoic tectonics of the Qinling orogen, as pictured in Figure 8 . The upper-crustal materials within the Qinling orogen, here termed as "midterrane," are considered to have been squeezed out westward from between the northern and southern sutures as the SCB obliquely protruded into the Qinling (Wang et al., 2001 . The west-directed extrusion of the midterrane was registered by Triassic dextral transpression, as recently identifi ed by Ratschbacher et al. (2003) , along the Shangdan fault zone (Figs. 1 and 8C ), whereas Cretaceous sinistral shearing along the same fault zone (Reischmann et al., 1990) should signify the fi nal squeezing out of the midterrane and continued oblique penetration of the clockwise-rotating SCB (Fig. 8D) . The Ningshan left-lateral strike-slip fault is considered to be a natural outcome of the penetrating process and genetically connected with the Longmen Shan belt to form a large-scale transcurrent fault zone (Fig. 1) . The exhumation of the Hannan dome, together with the development of the Micang Shan fold-thrust belt on the south, might owe its origin to the contraction at the restraining bend of the transcurrent fault zone.
DISCUSSION AND CONCLUSION
Most previous studies focused on Triassic tectonic evolution of the Sichuan basin and its relationship with adjacent Longmen Shan belt Guo et al., 1996; Yong et al., 2003) , whereas few dealt with its late Mesozoic history in detail. Burchfi el et al. (1995) noticed the pronounced late Mesozoic subsidence and thick sediment accumulation of the northwest Sichuan basin, but did not further explore their origin. Based mainly on some subsurface geophysical data, Zhang et al. (2001) suggested that the Sichuan basin is underlain by a so-called "Central-Sichuan basement" that is bounded on the east by a N-S-trending fault roughly along the line of 108º E longitude. Late Mesozoic strong deformation in the northern margin of the Sichuan basin was accordingly considered the result of the northward indentation of the block toward the Qinling orogen. Although this model is compatible with the sinistral shearing along the Longmen Shan belt, it is not consistent with the kinematics of the east Sichuan fold-thrust system that shows predominant NW-directed thin-skinned folding and thrusting progradation rather than the deformation related to strike-slip faulting (Burchfi el et al., 1995; Yan et al., 2003) . Ratschbacher et al. (2003) attempted to reconstruct the Permian-Triassic collisional process between the NCB and SCB by invoking the SCB clockwise rotation, but assumed the Longmen Shan belt as a suture zone. Their contention, however, is fl awed because neither ophiolitic complexes nor arc volcanics are present within the Longmen Shan belt. Furthermore, the granitoids west of the Longmen Shan belt are mostly Late Triassic and Early Jurassic in age and Stype in nature Zhang, 1994, Roger et al., 2004 ; our unpublished data), contrary to Ratschbacher et al.'s (2003) assumption that they were Permian-Early Triassic subductionrelated I-type intrusions. Strike-slip faulting characteristic of late Mesozoic deformation in the Qinling-Dabie orogen was simply ascribed to the far-fi eld effect of terrane accretions to the south in previous studies (Reischmann et al., 1990; Ratschbacher et al., 2003) , but, in practice, it can be readily explained by taking into account the continued SCB clockwise rotation and the resulting midterrane lateral extrusion, as portrayed in Figure 8 . Accordingly, the continued clockwise rotation of the SCB not only explicates Permian-Triassic diachronous amalgamation of the North and South China blocks but accommodates Mesozoic tectonic processes between the northwest Sichuan basin and surrounding structural belts as well. It remains uncertain, however, what caused the SCB clockwise rotation in the Mesozoic. It is hypothesized here that Mesozoic successive accretion of exotic terranes to the south might have played important roles in driving the SCB's rotation. The SCB was considered a continental fragment rifted from the northwestern margin of the Gondwanaland and has drifted to the north since the Late Devonian (Metcalfe, 1996) . The east-to-west diachronous collision of the North and South China blocks might arise from the SCB clockwise rotational translation to the north. The NCB-SCB collisional process was probably enhanced by diachronous accretion of an Indochina terrane to the SCB southern margin along the Song-Ma-Ailaoshan-Jinshajiang suture zone since the Early Carboniferous (Hutchison, 1989) . Late Triassic accretion of the Simo to Indochina terranes along the Changning-Menglian and Lancangjiang sutures promoted contemporaneous crustal shortening in the regions north of the suture, such as the SG terrane and the Qinling-Dabie orogen. No terrane accretion events happened in the Early Jurassic, and this time interval corresponded well to the period of tectonic quiescence of the Sichuan basin and adjacent regions. Late Mesozoic resumption of the SCB clockwise rotation and resulting intracontinental deformation is considered the result of the far-fi eld effect of successive accretions of terranes, such as the Lhasa, West Burma, and Dongnanya, to the southern periphery of Eurasian continent (Metcalfe, 1996) . Of signifi cance is late Mesozoic accretion of the Dongnanya terrane to the SCB (Hsü et al., 1990) , for this accretion event occurred along the southeastern edge of the SCB and thus might push the block northwestward and make it rotate clockwise simultaneously. The NE-trending fold-thrust belt in the eastern Sichuan basin is thought to be the consequence of the NW-directed pushing of the Dongnanya terrane (Yan et al., 2003) . Accretions of the Lhasa and West Burma terranes to the Qiangtang and Indochina terranes might also contribute to the SCB rotation at the same time. These successive terrane accretional events from late Paleozoic to late Mesozoic times eventually led to the formation of the so-called Cimmeride collage by the end of the Mesozoic, which formed the southern margin of Laurasia and faced Neo-Tethys to the south (Ş engör, 1984; Ş engör and Natal'in, 1996) .
In summary, the northwest Sichuan basin evolved from a passive margin to a "cornered" foreland basin in Mesozoic time. The Permianearly Middle Triassic passive margin existed south of the Paleo-Tethyan Qinling ocean and then evolved into a peripheral foreland basin in the wake of the collision of the North and South China blocks in late Middle Triassic. The Longmen Shan thrust belt was established in the Late Triassic as a result of a combination of the eastward extrusion of the deforming SG terrane and the westward underthrusting of the SCB crust. The western Sichuan foreland basin developed simultaneously in response to the tectonic loads imposed by an active Longmen Shan thrust belt. Following Early Jurassic tectonic quiescence, basin-margin thrusting was renewed since the Middle Jurassic and continued until the end of the Mesozoic. Combined effects of basinward advance of the East Qinling and Longmen Shan thrust belts forced the basin depocenter to shift toward the northwest with time and eventually led to the formation of the "cornered" foreland basin in the Early Cretaceous. Mesozoic tectono-sedimentary development of the northwest Sichuan basins is thought to have pertained to continued SCB clockwise rotation, which was presumably driven by successive terrane accretion to the south.
